Abstract: Richness estimates are dependent on the spatial and temporal extent of the sampling programme and the method used to predict richness. We assessed crustacean zooplankton richness in eight Canadian Shield lakes at different temporal and spatial scales using three methods of estimation: cumulative, asymptotic, and Chao's index. Percent species detected increased with the number of spatial, intraannual, or interannual samples taken. Single samples detected 50% of the annual species pool and 33% of the total estimated species pool. This suggests that previous estimates of zooplankton richness, based on single samples in individual lakes, are too low. Our richness estimates for individual lakes approach the total number of zooplankton found in some regions of Canada, suggesting that each lake has most taxa at some time, the majority being very rare. Single-year richness estimates provided poor predictions of multiple-year richness. The relationship between richness and environmental variables was dependent on the method of estimation and the number of samples used. We conclude that richness should be treated as an "index" rather than an absolute and sampling efforts should be standardized. We recommend an asymptotic approach to estimate zooplankton richness because the number of samples taken influenced it less.
Introduction
Increased biological impoverishment of freshwater ecosystems, resulting from human activities such as habitat destruction, release of toxic materials, and introduction of exotic species, has heightened the importance of assessing biodiversity and understanding its connections with ecosystem function (Carpenter et al. 1992; Schulze and Mooney 1993) . Obtaining a reliable and repeatable estimate of biodiversity is a critical element in all such endeavors. However, many issues associated with developing acceptable methods of estimating the number of species in a particular habitat or ecosystem are unresolved (Harper and Hawksworth 1994) .
One such issue is that biodiversity is a property that cannot be measured with absolute certainty because we can rarely census an entire community. Therefore, we must determine the sampling effort and temporal and spatial scale at which biodiversity should be assessed. Sampling issues may be particularly important in aquatic habitats because of their small-scale patchiness and short-term temporal variability. Methodological factors certainly influence estimates of species richness in aquatic habitats (Minns 1989; Magnuson et al. 1994) .
Estimated species richness increases with the number of individuals or samples collected (Fisher et al. 1943) . Several techniques that exploit this relationship have been developed, including rarefaction (standardizing to a common number of individuals) (Hurlbert 1971) , species accumulation curves (Miller and Wiegert 1989) , species-area curves, integration of lognormal distributions, and jackknife and bootstrap resampling methods (Heltshe and Forrester 1983) . These methods are primarily directed toward addressing the influence of increasing the number of individuals collected, but few studies have explicitly investigated how richness estimates are influenced by the spatial and temporal extent of the sampling routine.
Zooplankton populations exhibit substantial spatial (e.g., Pinel-Alloul and Pont 1991) and temporal heterogeneity (Sommer et al. 1986 ). The primary goal of this paper is to evaluate how this patchiness influences assessments of species richness in lakes. Because of this patchy nature of zooplankton populations, we would expect that richness estimates would be highly influenced by both the spatial and temporal extent of the sampling programme. Single samples taken at one location in the lake or on one date may not adequately represent the total species richness of the community.
We present estimates of crustacean zooplankton species richness at several different temporal and spatial scales: multiple stations within a lake, multiple samples within a year, and multiple-year samples. From the results of these comparisons, we suggest a method of estimating zooplankton species richness and develop a strong rationale for the idea that standardized methods must be used to arrive at indices. That is, sample richness and total richness do not converge, even with a relatively large number of samples, and the difference between them is highly dependent on the number of samples taken. The level of sampling effort must be standardized to obtain meaningful comparisons among sites.
Methods

Study lakes
The eight study lakes are located on the Canadian Shield in southcentral Ontario, Canada, near the Dorset Environmental Science Centre. The watersheds are forested (mixed deciduous and coniferous) and nonagricultural, owing to rough topography, thin soils, and cool climate. Lakes differ in characteristics important to the ecology of Shield lakes, including size, trophy, alkalinity, presence of glacial relicts, and invertebrate predator and fish populations (Table 1) .
Zooplankton sampling
Although the sampling protocol was not designed for biodiversity research (data were collected as part of a biomonitoring programme), we believe that analysis of this database can provide useful insights into sampling issues associated with the estimation of species richness. The primary strength of the Dorset zooplankton database is that methods have remained consistent since 1978, a longer period than for most studies. Lakes were sampled at the same location using the same gear deployed in the same manner under the direction of the same crew chief. Samples were preserved, composited, and subsampled in the same way and counted using the same protocol by the same person (Yan et al. 1996) .
Each lake was sampled from six to 27 times each year during the ice-free season from 1978 to 1989. For multiple-year analyses, we standardized the database to six samples per year for each lake. When more than six samples were taken in a year, we randomly chose one sample per month during the ice-free season. When there were more than six months when samples were collected, we used data from months closest to the summer season (May-October).
Zooplankton were collected with a metered plankton net (McQueen and Yan 1993 ) at a single station located at the deepest area in the lake. The conical net had a mesh size of 80 µm and a mouth diameter of 12.5 cm. It was equipped with a unidirectional current meter. Sample volumes were calculated using measured haul filtration efficiencies, which averaged 81%.
The net was hauled from several different depths to the surface (Yan et al. 1996) and the contents of the hauls were combined. There are large, often persistent vertical differences in zooplankton abundance, and community composition is often related to thermal stratification. Samples were composited such that vertical strata contributed to the sample in proportion to strata volumes. This was done so that samples would not be biased toward organisms occupying Can. J. Fish. Aquat. Sci. Vol. 55, 1998 lower depths, nor would the epilimnion be underrepresented. Samples were preserved with 6% buffered sugar-formalin. A minimum of 250 crustacean zooplankton was counted in each sample. A Folsom plankton splitter was used to generate subsamples of various sizes. The larger subsamples were used to count rare, large animals whereas the smaller subsamples were used to count the most abundant species. In this way, no single species contributed more than 20% of the total count. All Cladocera and mature Copepoda were identified to species. We combined counts of Diaphanosoma brachyurum with Diaphanosoma birgei to allow for changes in nomenclature over the course of the study (Korínek 1981) . Daphnia pulicaria and Daphnia pulex were combined and enumerated as D. pulex because we did not believe that they could be reliably distinguished (Dodson 1981) .
Eubosmina longispina was excluded from our analysis because its identification was not consistent throughout the entire database. Nauplii and other unidentifiable juveniles (mostly copepods) were excluded from our analyses. Species richness was estimated at several temporal scales using three different methods of calculation. For clarity, we use a standard notation throughout the paper: S no. of years, no. of samples within a year, index . For example, S 12,6,cum is based on 12 years and six samples within each year using the cumulative richness estimate.
Single-year richness
Multiple stations within a lake
Ten stations, including the central station, were sampled once in May, June, July, and August 1985 in Plastic Lake. The stations were uniformly distributed throughout the lake at depths ranging from 5 to 16 m. A single integrated sample was taken by towing a plankton net from the bottom of the lake to the surface at each station. Therefore, these samples differed from the long-term samples in that they were from a single tow and were not volume weighted. Preservation and enumeration followed the methods described above. Total annual richness (S 1,4,cum ) was determined for individual stations, in addition to a composite richness for all 10 stations.
To determine the influence of increasing the number of stations, we calculated cumulative richness for varying numbers of stations for each sampling date. We calculated richness by randomly selecting subsamples comprising from one to 10 stations and calculating a total species list for each subsample. This randomization procedure was repeated 1000 times to determine a mean cumulative richness and standard deviation.
Multiple samples within a year
In the entire database, there were nine occasions when a lake was sampled more than 20 times within a year. We used these data to investigate how increases in the number of intraannual samples influence the estimated species richness. Annual species richness (S 1,i,cum ) was estimated for each lake-year by subsampling the database, without replacement, 1-20 times. We drew one sample from every month before a second from any particular month could be drawn to prevent temporal clumping. We calculated species richness as the total number of species in the subsampled database. This procedure was repeated 1000 times to obtain a mean richness estimate and standard deviation.
We used the 1980 database to compare the performance of three indices of species richness: cumulative, asymptotic richness, and Chao's index. In 1980, each lake was sampled at least 17 times. Cumulative species richness (S cum ) was the total species pool for a particular number of samples. Cumulative species richness for different numbers of samples from one to 17 was obtained by repeating this analysis for all possible combinations.
The asymptotic richness (S asym ), based on a Walford plot (Ricker 1975) , was obtained by calculating where mean cumulative richness (S cum ) at subsample size t versus mean cumulative richness at subsample size t + 1 intersects the 1:1 line.
Chao's index provides a relatively unbiased nonparametric estimate of total species richness (Colwell and Coddington 1994) and has been used in other studies to estimate zooplankton richness (Dumont and Segers 1996) . The number of species in the lake, S*, was estimated based on the occurrence of rare species according to
where L is the number of species that occurred in only one sample, M is the number of species that occurred in exactly two samples, and S obs is the observed richness (Chao 1984) . We estimated Chao's richness (S chao ) using subsample sizes ranging from 2 to 17.
Multiple-year richness
To estimate long-term species richness, we used cumulative species richness (S cum ), Chao's index (S chao ), and asymptotic richness (S asym ). Individual subsamples, however, were based on annual richness estimates obtained from six monthly samples (S 1,6,cum ). We used six samples because this was the largest number of samples consistently taken throughout the entire database.
Comparison of richness estimates
We compared richness ranking among lakes obtained for singleyear and multiple-year richness estimates. Spearman rank correlations were calculated, comparing each of the three methods for estimating richness (cumulative, asymptotic, and Chao's Index), single-year and multiple-year richness, and 1, 6, and 12 subsamples.
In an attempt to identify why correlation of single-year and multiple-year richness was low, we calculated the Spearman rank correlation coefficient for asymptotic (S 12,6,asym ) and mean annual species richness (S 1,6,asym ) in all eight lakes under several different scenarios; (i) we removed singlets from the database (species that occurred in only one year), (ii) typical littoral species were removed, (iii) rare species (with a probability of detection, P < 0.25) were removed:
where P is the probability of detecting at least one individual assuming that species approximated a negative binomial distribution across time, m is the number of individuals in the sample, and k is a parameter that is estimated as k = x 2 /(s 2 -x), where x is the sample mean density and s 2 is the sample variance. Gradients in richness estimates are frequently compared with environmental gradients to determine factors controlling community structure (pH: Yan et al. 1996; habitat area: Browne 1981 and Yan et al. 1996; productivity: Dodson 1992; water hardness: Carter et al. 1980) . However, the relationship between environmental variables and richness may be influenced by the method and temporal scale used to estimate richness. We compared several explanatory variables for both single-year and multiple-year richness estimates. The importance of log area, maximum depth, conductivity, pH, total phosphorus, and flushing rate in accounting for variation in richness among lakes was evaluated using a forward, stepwise multiple regression. None of these variables were significantly correlated with each other, using a Bonferroni adjustment for multiple comparisons (Table 2) .
Results
Estimation of single-year richness
Multiple stations within Plastic Lake
Annual richness (S 1,4,cum ) was higher at the central station (16 species) than at all other stations (12-15 species, mean = 12.8). This occurred probably in part because the central station is deeper, and therefore the sample represents a greater volume of water and also includes hypolimnetic habitat not occurring at some of the shallower stations. We found that the number of species detected increased with depth sampled (P = 0.001, R 2 = 0.29), although there was considerable variation in the relationship. The central station, however, underestimated the total species pool, based on the cumulative richness of all stations, across all months (16 species at the central station versus 21 total species at all stations). Four of the five species that were not detected at the central station were detected at only one station on one date and typically occurred at low densities (<0.12/L).
Increases in the temporal extent of sampling (more samples within a year) and increases in spatial extent (more sampling stations) resulted in higher cumulative richness (Fig. 1) . Cumulative richness was similar for a given number of samples for both sampling methods, except that in August, spatial samples resulted in slightly higher cumulative richness estimates. For May, June, and July, cumulative species richness was the same after nine samples had been taken.
Multiple samples within a single year
A single sample (S 1,1 ), randomly taken during the ice-free season, resulted in the detection of less than 50% of the total species pool obtained from 20 samples (S 1,20,cum ) taken throughout the ice-free season (mean = 48.6% ± 9.9 SD). Species richness of single samples taken in 1980 ranged from 8 to 13 species in the eight lakes (Table 3 ). The coefficient of variation among sample dates ranged from 14 to 26% and averaged 16%. Species richness (S 1,1 ), estimated from individual samples was compared among months to determine if any month provided a best estimate of annual species richness. Although there was no significant difference in the percent species detected each month (ANOVA, P = 0.36), the greatest number of species was detected in June (55% of total richness based on 20 samples) and the least was detected in November (39%) (Fig. 2) . More intraannual samples were required as the desired level of species detection increased (Fig. 3) . The number of samples required to detect between 50 and 90% of species present in a year increased rapidly from two to 10. To detect 80% of the total species pool, at least five samples (± 2) needed to be examined (Fig. 3) monthly sampling during the ice-free season. To detect 95% of the species, 13 samples (± 3) were required (Fig. 3) . This required a biweekly sampling regime during the ice-free season.
Richness estimates derived from Chao's index were always greater than estimates obtained using cumulative and asymptotic methods (Table 3 ; Fig. 4 ). In general, cumulative and asymptotic richness estimates were similar, although cumulative richness was frequently higher when 12 or more samples were Note: Three methods of estimation were used: cumulative, asymptotic, and Chao's index. Single-year richness was calculated using 1980 data. Table 3 . Mean species richness for each of the Dorset Lakes, estimated at several temporal scales. taken and asymptotic richness tended to be higher when fewer than nine samples were taken. Variation among asymptotic richness estimates based on different numbers of samples was low (mean = 7%). In contrast, the coefficient of variation among estimates of Chao's richness for different numbers of samples was highest (Chao mean = 23%, cumulative mean = 16%).
Multiple-year richness
There was considerable temporal variation in the presence of species from year to year (Table 4) . A single-year sample, based on six samples per year (S 1,6,cum ), predicted 60% of the total observed species pool for 12 years (S 12,6,cum ). Although annual richness underestimated the long-term richness, it was consistent from year to year (mean coefficient of variation across years = 13%).
For each richness index used, richness estimates were highly dependent on the number of samples taken (Fig. 4) . Chao's index almost always predicted a higher richness than the other two indices, regardless of sample size. Chao's estimates increased the most between one and four years. When more than four years of samples were used to estimate richness, variation in richness estimates was much smaller; the coefficient of variation among number of years sampled was reduced from 21% when all samples were included to 9% when the number of years was greater than four Asymptotic richness was always higher than cumulative richness estimates. The coefficient of variation among richness estimates obtained from different numbers of samples was highest for Chao's index (mean of lakes = 21%), intermediate for cumulative (mean of lakes = 15%), and lowest for asymptotic (mean of lakes = 12%). Variation in richness estimates was generally highest for Heney Lake. This results from the occurrence of a large number of episodic species that appeared in only one year.
Correlation among richness estimates
Spearman rank correlation of richness estimates of lakes among single-year sampling regimes was high. That is, estimates based on single years were similar regardless of the particular sampling regime used (Table 5) . Similarly, multiple-year species richness estimates, regardless of regime, were similar to each other. In contrast, correlations between single-year and multiple-year estimates were extremely low and frequently negative. That is, the number of species found in a single year was not a good predictor of the number of species found in multiple years. In general, the correlations between richness rankings were highest when numbers of samples were equal, regardless of the index type (mean r s = 0.87 for comparisons between multiple-year samples and mean r s = 0.79 for comparisons between single-year samples). When comparisons were made using the same index, but different numbers of samples, correlation was low (mean r s = 0.43 between single-year samples, mean r s = 0.21 between multipleyear samples, and mean r s = -0.03 between single-and multiple-year samples). Single-year richness estimates (e.g., S 1,1 ) did not correlate with long-term estimates (e.g., S 12,6,cum , S 12,6,asym , or S 12,6,chao ) (r s = -0.49, -0.55, and -0.60, respectively). Correlation coefficients between S 12,6,asym and S 1,6,asym improved when rare species were removed. The greatest improvement was obtained when singlets (species that occur in single years) were removed (r s = 0.04 when all species were included, 0.97 when singlets were removed, -0.06 when littoral species were removed, and 0.36 when species with less than a 0.25 probability of detection were removed). When episodic species were removed from the analyses, single-sample richness was a good predictor of the long-term ranked richness among lakes.
Explanatory variables of richness
The relationship between species richness and environmental variables was dependent on both the index type and the number of years used to estimate richness. Depth explained 61% of the variation among lakes in single-year estimates of richness (S 1,6,cum ). Lake flushing rate, log area, conductivity, total phosphorus, and pH did not contribute to the variation in richness among lakes. When other indices were used to calculate richness, different results were obtained. Conductivity explained 65% of the variation in single-year asymptotic richness (S 1,6,asym ) (P = 0.02) and none of the environmental variables explained variation in Chao's single-year richness (S 1,6,chao ). Variation in multiple-year richness was explained by total phosphorus when either cumulative or asymptotic richness was estimated (S 12,6,cum : P = 0.07, R 2 = 0.45; S 12,6,asym : P = 0.095, R 2 = 0.40). None of the environmental variables explained a significant amount of the variation in richness estimated using Chao's index (S 12,6,chao ).
Discussion
Our estimates of total species richness, based on an extensive 12-year database, were considerably higher than expected from two previous multilake surveys. Dodson (1992) predicted that between eight and 10 planktonic crustacean species should be found in lakes within the size range of the Dorset lakes. Similarly, Patalas (1990) suggested that lakes in northwestern Ontario would have, on average, 10.7 species. We estimated the Dorset lakes to have mean annual richness from 11.4 to 17.3 species and total species pools ranging from 21 to 40 species, based on multiple-year asymptotic richness (Table 3) . Our values are higher than Dodson's and Patalas' estimates for two reasons: our estimates were based on more samples, collected over an extended period (six monthly samples for 8-12 years) and we did not eliminate typically littoral species that were caught in our pelagic samples (as in Dodson's study). The lakes for both Patalas' and Dodson's studies were sampled infrequently; single samples in Patalas' study and a minimum Note: Cumulative, asymptotic, and Chao's estimates are presented. For the single-year samples, estimates are based on annual estimates using 1, 6, or 12 samples within each year. For multiple-year estimates, estimates are based on six seasonal samples and 1, 6, or 12 annual samples. Cu, cumulative richness; As, asymptotic richness; Ch, Chao's estimate of richness. The first number after the prefix Cu, As, or Ch indicates the number of years on which the richness estimate is based; the second number indicates the number of samples within a year. Table 5 . Spearman rank correlation matrix of single-year and multiple-year richness estimates. of three samples in Dodson's study. When single sample surveys were used to estimate species richness in Dorset area lakes, results similar to Dodson's and Patalas' estimates were obtained. Yan and Strus (1980) found 9.3-14.6 species per sample on average in Blue Chalk, Jerry, Chub, Harp, and Dickie lakes in 1977. Keller and Yan (1991) reported a mean of 10 species per sample in 24 nonacidic (pH > 6.0) Dorset area lakes. Therefore, with comparable sampling effort, our richness estimates for the Dorset lakes are similar to previous studies. However, our richness estimates based on long-term data suggest that it is likely that all of these investigators underestimated the actual size of the species pool. It is interesting to note that our richness estimates based on many samples in a single lake approach Patalas ' (1990) estimates for the number of taxa in many lakes in a region of Canada. One possible explanation is that most species within a region may be present in each lake at some point in time, although they are very rare.
Our comparison of spatial and seasonal sampling in Plastic Lake suggests that increasing the temporal or spatial extent of sampling improves the richness estimate. The identity of the species, however, varied depending on sampling regime. Eubosmina tubicen, Holopedium gibberum, Leptodiaptomus minutus, and Daphnia ambigua were detected only in the temporal samples, and Alona sp., Chydorus sphaericus, Daphnia retrocurva, and Eurycercus lamellatus were collected only in the spatial samples. Therefore, the decision to choose one sampling regime over another depends on the goals of the study. Although species richness estimates were similar, multistation samples tended to detect more littoral species whereas the multidate samples tended to detect typically pelagic species with temporally variable abundances. This result is probably dependent on lake size. Patalas and Salki (1993) found that the proportion of total species detected at a single sampling station was dependent on lake size, with a higher proportion of the total species being detected in smaller lakes. Similarly, fewer spatial samples were required in small lakes (<170 ha) to capture 90% of the species, although Lake 373 (27 ha) was a notable exception to this trend. Therefore, the value of spatial versus temporal sampling may depend on the size of the lake. All of the Dorset lakes used in our study are small, ranging from 20 to 100 ha in size. Had we used a larger lake than Plastic Lake, we may have found a higher importance of spatial samples relative to temporal samples.
Mean annual richness did not predict richness based on multiple-year samples. This result was not surprising, as Hurlbert (1971) suggested it as a general possibility in his review of species diversity measures. In our study lakes, as the temporal extent of sampling increased, total richness also increased, probably because of increased sampling effort (i.e., identifying a larger number of individuals) and because of temporal oscillations in species abundances. Zooplankton undergo both seasonal shifts in population abundances (Sommer et al. 1986 ) and interannual changes in species composition (Browne 1981) . Single samples or single-year samples failed to detect highly variable species that were present infrequently throughout the entire sampling record. Correlations between single-year and multiple-year richness were low and almost always negative. Some lakes with low species richness in single-year estimates had high multiple-year richness. For example, Heney Lake was tied for the fewest species when richness was assessed on an annual basis. When richness was determined by extrapolation from long-term data, however, Heney Lake had the most species. Heney Lake is unique in that it has a high species turnover rate; approximately 25% of the species in Heney Lake changed from year to year (S.E. Arnott, unpublished data). Mean annual richness remained relatively constant, but the total species pool increased annually. In contrast with this, however, other lakes maintained their relative ranking for both short-term and long-term richness estimates. Blue Chalk Lake had both a low short-term richness (S 1,1 ) and a low richness based on long-term estimates (S 9,6,cum ). This discrepancy arises, in part, because in different lakes, species may be appearing and disappearing from year to year at different rates. The difference between mean annual species richness (S 1,6,cum ) and multiple-year richness (S 12,6,cum ) was highly correlated with measured species turnover (S.E. Arnott, unpublished data) (linear correlation: r = 0.868, P = 0.005).
Much of the difference between short-term and long-term richness arises, in part, from species appearing for single years. When singlets were removed, the correlation between mean annual and long-term richness improved. Most of the singlet species occurred at relatively low densities (mean = 0.014 individuals/L ± 0.018 SD) compared with the overall mean density of species (mean = 0.489 individuals/L ± 1.187 SD) and it is uncertain what role they play in the community. They may be opportunistic species that occasionally arise when certain environmental conditions are met, or they may be species that are always present but are undetectable using typical sampling and counting regimes. These rare species may function as "ecological memory," enabling the community to rapidly respond to environmental changes (Padisak 1992) . Therefore, the decision to use single-year richness versus long-term richness should be at least partially based on the importance of rare, episodic species to the hypotheses being tested. If rare species are removed from the analyses, there is good correlation between single-year richness and multiple-year richness, indicating that single-year estimates may provide useful estimates of the species pool.
As a result of these temporally dependent switches in richness rankings, there were differences in how short-term richness and long-term richness correlated with environmental variables. There were also differences in correlations, depending on indices used for richness estimates. Depth was an important explanatory variable for cumulative annual richness (S 1,6,cum ) and conductivity explained some of the variance in asymptotic annual richness (S 1,6,asym ). For long-term richness estimates (S 12,6,cum and S 12,6,asym ), total phosphorus was the only significant explanatory variable. In addition to the influence of study duration and richness measure, these results are also dependent on the number of lakes in the analysis. Using a larger set of lakes (47) located in the same region as our eight study lakes, Yan et al. (1996) found that single-year richness estimates were correlated with lake acidity and size. Despite our small sample size (eight lakes), the discrepancy among richness estimates derived from a different method suggests that care must be taken when drawing conclusions from species richness data. Magnuson et al. (1994) drew a similar conclusion based on analyses of fish species richness in seven Wisconsin lakes. The coefficient of the species-area relationship was dependent on whether mean annual richness or cumulative richness was used in their paper. As with Magnuson et al. (1994) , we conclude that richness determined by sampling should be treated as an "index" rather than total richness. Thus, care must be taken to use standardized sampling efforts and estimators, especially across time because duration of the study influences our perception of the relationship between species richness and explanatory environmental variables.
Annual richness and multiple-year richness estimates provide different information regarding the zooplankton community. Generally, richness estimates based on a single sample represent the number of potentially interacting species in a lake or the number of co-occurring species. It is possible that some of the species may have little or no effect on each other, but there is potential for direct or indirect interactions. It is also possible that species that do not overlap in time may also influence each other through events such as delayed changes in resource quality or supply. However, as a first cut, annual richness may be a good representation of the number of species with the potential for interaction. The annual richness measure may be useful when quantifying the effect of a change in chemistry or the influence of an invading species on community structure. Because the probability of capture is related to abundance, rare species will probably be overlooked. However, it may be justifiable to assume that rare species play a minor role in food web interactions at a given moment in time. Mean annual richness based on several samples throughout the season increases the probability of detecting rare species and also facilitates the detection of seasonally dynamic species. Multiple-year richness represents a longer time scale and takes into account shifts in species composition. It is a measure of the potential species pool. This type of information may be useful in biodiversity studies where researchers are investigating the relationship between richness and stability or resilience. Knowing the total species pool could provide an indication of the potential for functional complimentarity (sensu Frost et al. 1995) within the community. Two habitats with the same mean annual species pool may have very different long-term richness estimates, which could lead to differences in stability. For example, in both Blue Chalk and Chub lakes, we detected approximately 15 species each year (S 1,6,cum ). The asymptotic richness (long-term richness) was much greater for Chub Lake than for Blue Chalk Lake (40 versus 24 species). Because Chub Lake has a large species pool, we might expect that it would be more resistant to disturbance through functional compensation of species (e.g., Frost et al. 1995) . That is, species that are negatively influenced by a stress may be replaced by more resistant species with complimentary community functions.
Recommendations
There are many factors that influence the decision to choose one sampling and counting routine over another. It will depend not only on funding resources available, but also on the objectives of the study. For some questions, assessing the number of interacting species at a given point in time is of primary concern. For example, single-sample or single-year estimates may be adequate for determining the relationship between diversity and primary productivity or predator density. Presumably, these factors would be important drivers determining the number of interacting species, and therefore, their influence should be detected at a temporally restricted scale. In contrast, multiple-year richness estimates would be more important in determining differences among lakes in their potential response to stress. Lakes with large species pools, either as rare "memory" species (sensu Padisak) or as temporarily dormant resting stages, may be more resistant to perturbations. In this case, it would be important to extend the sampling schedule for as long as possible. However, in either situation, there is the underlying importance of standardized sampling regimes. Because richness estimates were influenced by the number of both intraannual and interannual samples, methodology should, at least, be consistent among lakes within a survey.
Differences in the method used to predict richness are also worth consideration. All three indices, cumulative, asymptotic, and Chao's, were dependent on the number of samples taken. However, the asymptotic method of estimating richness provided both an estimate of the potential species pool and consistent values regardless of the number of years sampled. Therefore, we recommend use of the asymptotic method of richness estimation for multiple-sample studies.
